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Abstract 
It is well known that the properties of the materials depend on the synthesis process. The controlled synthesis concern 
particle size and specific surface area of LaCoO3 material is necessary in many applications, such as catalysis and gas 
sensitivity. Since the activity of acatalysis strongly depends on the particle size and specific surface area. In this 
study, LaCoO3 powder was synthesized by grinding, heating and washing operations. Firstly, mixture powder of 
starting materials, LaCl3, CoCl2 and Na2CO3 was ground by using a planetary ball mill grind at speed 300 rpm for 2 
h. Secondly, the ground sample was calcined at 600oC for 90 minutes. Finally, the sample product was washed with 
distilled water under ultrasonic for different treatment times to remove the NaCl phase. The ultrasonic bath was 
sonicated at a frequency of 40 kHz with a total nominal output power of 95 W for 0, 2, 4 and 6 minutes. All prepared 
samples were characterized by XRD, particle size analyzer, BET and SEM analysis. XRD patterns clearly showed the 
complete formation of LaCoO3 with a single-phase of perovskite structure from this synthesis. Moreover, it was 
found that increasing of the sonication treatment time increases the specific surface area of the prepared samples 
while decreasing the average particle size D[4,3]. In addition, SEM micrographs also revealed that the morphology is 
significantly influenced by the sonication time of treatment. 
© 2010 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of I-SEEC2011 
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1. Introduction 
The automotive exhaust gas that exits from the engine contains poisonous components, such as carbon 
monoxide (CO). These harmful components convert to inert gases, such as carbon dioxide in catalytic 
converters, before the exhaust gas emitted to the atmosphere. The catalytic converters are reactors that 
consist of monolithic honeycombs skeleton, made of ceramic or metallic materials [1]. This structure is 
then coated by a ceramic substrates impregnated with Pt, Pd and other platinum group metals (PGM), as 
the active catalytic sites [2-3]. However, due to the rising cost of PGM, many researchers have been 
searching for alternative materials as the active catalytic phase. One of the promising active phases for the 
environmental applications is the perovskite group of materials (ABO3), where A and B are cations of 
different sizes. The catalytic properties of perovskite-type oxides basically depend on the nature of A and 
B ions and on their valence state [4]. 
LaCoO3-based has many practical applications for catalytic converters owing to its excellent physical 
and chemical properties which show high catalytic activity for oxidation of carbon monoxide. In addition, 
it also used for oxidation of hydrocarbons, methane, hexane, and toluene [5-7]. Thus, it can be used as the 
catalyst for combustion, automobile exhaust and waste gas purification [3, 8-9]. Moreover, it could be 
used as electrode materials for solid-electrode fuel cells and gas sensors [10-11]. LaCoO3 have been 
achieved by many methods such as the conventional method and chemical solution methods. These 
methods have different ofadvantages and disadvantages. To overcome these disadvantages or drawbacks 
and improve the catalytic activity, many researchers have been searching about synthetic methodology in 
order to synthesis of LaCoO3 with a large specific surface area, small particle size and distribution as well. 
Recently, mechanochemical method has been used for the synthesis of ultrafine powders. In this 
method chemical precursors undergo reaction, either during milling or during subsequent low temperature 
heat treatment, to form a composite powder consisting of fully dispersed ultrafine particles embedded 
within a soluble salt by-product. The ultrafine powder is then recovered by removing the salt by-product 
with a simple washing procedure [12-15]. In addition, Franco F. et al [16] have studied the effect of 
ultrasonic treatment on the particle size and specific surface area of powder. The results of their studies 
showed that the particle size reduction can be controlled through different variables such as power of 
ultrasonic processor, amount of sample and time of treatment. When the particle size of powder was 
reduced, the specific surface area have been increased. Thus, the main purposes of this study were to 
synthesize of LaCoO3 by mechanochemical method (this process includes grinding, heating and washing 
operations) and to study the effect of ultrasonic treatment on the particle size and specific surface area. 
2. Experimental 
The starting materials were LaCl3 (Fluka, 99.0%), CoCl2 (Sigma-Aldrich, 97%) and Na2CO3 (Fluka, 
99.0%) and mixed in the molar ratio 1:1:2.5 to be starting mixture for milling. A planetary ball mill 
(Retsch, PM 100) was used to mill the starting mixtures at 300 rpm under atmospheric condition. Twenty 
grams mixture was put in a stainless steel pot of 250 cm3 inner volume with fourteen stainless steel balls 
of 20 mm diameter and milled for 2 h. The ground sample was calcined at 600 oC with a heating rate of 
10 oC/min for 1.5 h, followed by washing with distilled water to remove NaCl phase, in this process used 
the ultrasonic bath sonicated at a frequency of 40 kHz with a total nominal output power of 95 W for 0, 2, 
4 and 6 minutes in order to disperse the powder. Then, the all samples were dried in an oven at 110 oC for 
2 h. 
The treated samples were characterized by X-ray diffraction analysis (Philips X’Pert), using Cu-KD
radiation in an angular range from 2T = 5o to 80o, to identify the phases existing in the product. The 
particle size was determined using a laser diffraction method fitted with a wet sampling system 
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(Mastersizer S, Malvern). The particle diameters reported was calculated using volume distribution 
(D[4,3]). The specific surface area of the samples were measured by a nitrogen gas adsorption instrument 
(Quantachrome, Version 1.11) based on the BET method. Morphology of the sample was observed by 
scanning electron microscope (JSM-6301F, JEOL). 
3. Results and Discussion 
The XRD patterns of unground mixture in Fig. 1(a) show only peaks of the three starting materials; 
LaCl3, CoCl2 and Na2CO3 with their the peak intensity decreases gradually and vanished with an increase 
in milling time. Fig. 1(b) clearly shows the new peaks of NaCl phase that correspond to JCPDS file No. 
05-0628 after ground for 2 h. The appearance of the NaCl phase indicated that displacement reactions 
between chlorides and Na2CO3 occurred during milling and other phases, e.g., various types of carbonate 
and possibly unreacted starting compounds, are present in the form of amorphous or minor phases in the 
ground product. This reaction occurred indicated that the mechanochemical (MC) solid-state reaction can 
be proceeded by grinding mixture of starting materials powder using a high-energy ball mill at room 
temperature [17]. 
Fig. 1. XRD patterns of the prepared samples; (a) unground sample and (b) sample ground for 2 h 
Fig. 2(a) reveal that the phases of LaCoO3 and NaCl after the calcined at 600 oC. The appearance of 
LaCoO3 phase at this temperature indicated that the mechanical activation by mechanochemical 
processing leads to the formation at low temperature [18]. Normally, LaCoO3 has been synthesized from 
the constituent oxides as starting materials by heating at around 1000 oC [19]. In comparison with this, the 
temperature about 600 oC in the present work is extremely lower than as usual. This may be due to the 
MC effect induced by the grinding. From this results demonstrated that the LaCoO3 powder can be 
synthesized successfully through this process. However, Fig. 2(b) show only peaks of LaCoO3 are 
present, suggesting that the NaCl compound in the product was removed out by the washing and filtration 
operations. Furthermore, the XRD patterns of all peaks of LaCoO3 correspond to JCPDS file No. 25-1060 
with perovskite-type structure and EDS spectrums as shown in Fig. 3 illustrate peaks of La, Co and O
which accord to chemical elements in LaCoO3. While the dominant spectrum of Au was obtained due to 
receive from process of Au coated. 
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Fig. 2. XRD patterns of the prepared samples; (a) after heating at 600 oC and (b) after washing with distilled water 
Fig. 3. EDS spectrums of LaCoO3 after heating and washing 
Fig. 4 show the average particle size of LaCoO3 powder after sonicated at different treatment times. In 
this work, it was found that the average particle size (D[4,3]) of LaCoO3 powder depend on a function of 
treatment times. The average particle size of untreated powder only shows the presence of particle about 
4.90 Pm. While the average particle size of powder treated with ultrasonic bath was decreased when 
increased the ultrasonic treatment times, that is the average particle sizes are 3.24 Pm, 2.89 Pm and 1.74 
Pm after treatments for 2, 4 and 6 mins, respectively. The decreasing in size of LaCoO3 powder after 
sonicated for different treatment times indicate that the ultrasonic can be used for activated 
deagglomeration of primary particles of powder due to weak agglomerate of particles [16, 20-21]. 
Fig. 5 show the specific surface area (SSA) of LaCoO3 powder was obtained with different treatments, 
as a function of sonication times in treatment. This figure clearly reveals that sonication produces a 
remarkable increase in the SSA with the treatment times. The increasing of the SSA is continuous 
evidence due to deagglomerate of primary particles after treatment. The SSA increases from 19.89 m2/g 
to 24.63 m2/g, 27.21 m2/g and 36.68 m2/g after treatment for 0, 2, 4 and 6 mins, respectively. 
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Fig. 4. Average particle size [D4,3] of LaCoO3 powder after different treatment times 

Fig. 5. Specific surface area of LaCoO3 powder after different treatment times 
Fig. 6 show SEM images of the LaCoO3 powder were obtained after prepare by mechanochemical 
method and activated with the ultrasonic at different treatment times in the washing process. SEM 
micrographs of all samples can be clearly seen that the morphology of primary particle and agglomeration 
of those particles. In all conditions, the mean particle size was in the nanoscale range, between 200-300 
nm. In addition, it was found that the degree of agglomeration and dispersion of particles depended on a 
function of treatment times, this resulted indicate that degree of agglomeration and dispersion of particles 
can be improved by increasing the sonication treatment times. SEM micrograph in Fig. 6(a) shows the 
highest agglomeration of sample before sonication, and also show the lowest dispersion of particles. 
However, degree of agglomeration of particles were decreased and well dispersed after treatment with the 
ultrasonic bath and sonicated at a frequency of 40 kHz for 2, 4 and 6 mins, this results is shown in Figs. 
6(b), 6(c) and 6(d), respectively. Furthermore, in this work found that sonication for 6 min showed the 
lowest agglomeration and well dispersion as shown in Fig. 6(d). 
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Fig. 6. SEM micrograph of the LaCoO3 powders before and after treatment at different times; (a) untreated; (b) for 2 min; (c) for 4 
min and (d) for 6 min 
4. Conclusion
LaCoO3 powder was successfully synthesized by mechanochemical method. The XRD patterns 
illustrated that the phase of LaCoO3 with perovskite-type structure. However, the particle size reduction 
of powder can be improved by using the ultrasound treatment and in process controlled by variable of 
treatment times. Therefore, the average particle size D[4,3] of prepared samples were decreased when 
increased the treatment times, while the specific surface area was increased. Moreover, SEM micrographs 
also revealed that the morphology is significantly influenced by the sonication time. 
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